Gastroparesis is a disorder characterised by symptoms of and evidence for gastric retention in the absence of mechanical obstruction. Symptoms include nausea and vomiting, early satiety, postprandial fullness, regurgitation and abdominal pain. Common causes of gastroparesis are diabetes, post-surgical and idiopathic. In some patients, gastroparesis can be very severe and refractory to medical therapy including anti-emetics, anti-reflux and pro-kinetic medications. Gastric electrical stimulation represents a novel treatment for severe gastroparesis by regulating gastric electrical dysfunction with a neurostimulator. In adult studies, vomiting frequency has been reduced by up to 81% from baseline. We report a case of a 13-year-old girl with life-long severe idiopathic gastroparesis who was successfully treated by gastric pacing.
INTRODUCTION
Gastroparesis is a disorder characterised by symptoms of and evidence for gastric retention in the absence of mechanical obstruction 1 . Symptoms include nausea and vomiting, early satiety, postprandial fullness, regurgitation and abdominal pain. The most common causes of gastroparesis in adults are diabetes (29%), post-surgical (13%) and idiopathic (35.5%). Other causes include vascular disease, intestinal pseudo-obstruction, rheumatological disorder, central nervous system disorder and drugs 2, 3, 4 .
Gastroparesis is under-recognised in children with limited literature available to estimate its true prevalence. In a retrospective review of 239 children with gastroparesis by Waseem et al 5 , the main causes included idiopathic (70%), drugs (18%), post-surgical (12.5%), post-viral (5%) and diabetes (4%). Other rare causes were metabolic, rheumatological and endocrine disorders.
This case report was presented as an oral presentation at the British Society of Paediatric Gastroenterology and Nutrition meeting. Nausea, vomiting, abdominal pain, weight loss and post-prandial fullness are the most common symptoms, and can be treated with dietary modification with a combination of acid suppression therapy, prokinetic and anti-emetic drugs 6 . In the most severe cases, patients require surgical intervention and supplemental nutrition by post-pyloric feeding. Current treatment focuses on symptom control and nutritional support.
Gastric electrical stimulation represents a novel treatment for severe gastroparesis by regulating gastric electrical dysfunction with a neurostimulator. In adult studies, vomiting frequency was reduced by up to 81% from baseline at 12 months follow-up with gastric electrical stimulation 4 . We report a case of a 13-year-old girl with life-long severe idiopathic gastroparesis who was successfully treated by gastric electrical stimulation.
CASE
A 13-year-old Caucasian girl was referred with a lifelong history of vomiting. She vomited after every solid or liquid meal which can occur immediately or up to five hours later. She was vomiting up to 15-20 times per day of small to large amount of Proceedings of Singapore Healthcare  Volume 21  Number 3  2012 non-bilious fluids or undigested food eaten several hours previously. She opened her bowels regularly, passing normal stools.
She was born at term in good condition. Her vomiting started in early infancy soon after breastfeeding was established. This had persisted throughout early childhood and primary school. She was virtually house-bound and was at least a year behind her peers at school. Despite this, she managed to achieve satisfactory growth with height and weight along the 50 th centile. There was no concern regarding her development. There were no other significant past medical, family or social history of note.
INVESTIGATIONS
Basic blood tests including full blood count, liver function test, renal panel, calcium, phosphate, magnesium and inflammatory markers were normal. An upper GI endoscopy at age 10 showed mild oesophagitis. Barium meal did not show any anatomical obstruction. Both pH study and abdominal ultrasound were normal.
The gastric emptying study at 12 years old was highly abnormal showing a half-emptying time for liquids of 20 minutes and solids of 265 minutes. Electrogastrogram (EGG) was abnormal showing a normal pre-prandial rhythm of 71% but postprandial tachygastria 28.6%. CT brain showed no intracranial pathology.
INTERVENTIONS
She did not respond to maximal medical treatment by omeprazole, erythromycin, domperidone, metoclopramide and ondansetron. There was no improvement with a period of exclusive elemental diet or endoscopic pyloric injection of Botulinum toxin. She had a laparoscopic pyloroplasty at 12 years old which only provided temporary relief for two months after which she continued to have relentless vomiting.
Psychological review over many years for both herself and her family had provided supportive care, but had not reduced her symptoms.
At the age of 12, exclusive nasojejunal feeding was commenced for a period of time to rule out any small bowel enteropathy. This was well-tolerated for a period of one month. Gradually, small amounts of infant-size portions of solid and liquid food was introduced and this was well-tolerated without vomiting for six months. The decision was then to place a permanent surgical jejunostomy. She had a good post-operation period with no vomiting for two months. However, following a viral illness, she had deteriorated again to vomiting all oral liquids and solids and was fully jejunostomy feed dependent.
GASTRIC NEUROSTIMULATOR
Our patient had intractable vomiting which was refractory to all medical and dietary intervention. After a lengthy discussion with the patient and family, the decision was made for gastric pacing to control her vomiting.
The Enterra device (Medtronic) was placed laparoscopically at the age of 13. Oral feeding was slowly re-introduced while anti-emetics were continued. She was followed-up at three, six and nine months to adjust the Enterra settings. She showed a gradual reduction in vomiting frequency with increasing settings to 5mA, with a 1 second stimulus every 4 seconds. The patient required no further hospitalisations and was able to gradually increase her oral intake. Anti-emetic medication was stopped after 12 months. She was followed-up for three years post-insertion of the neurostimulator. She was able to tolerate solid and liquid meals with complete resolution of her vomiting. Her weight was stable and her quality of life had dramatically improved.
DISCUSSION
The concept of gastric electrical stimulation (GES) was first introduced by Bilgutay el al in 1963 when gastric electrical stimulation was used for the treatment of post-operative ileus 7 . It was not until the late 1990s that it was more commonly used in the adult population. GES uses low energy/high frequency stimulation known as neurostimulation which utilises trains of short pulses and stimulation frequency at much higher than the physiological frequency of the gastric slow waves. This method is employed by the Enterra TM (Medtronic, Minneapolis, MN, USA) and has been approved by the United States Food and Drug Administration for the treatment of chronic diabetic or idiopathic gastroparesis with relentless nausea and vomiting not responsive to medical and dietary intervention.
The Enterra system consists of a neurostimulator with two intramuscular electrodes implanted
Gastric Pacing in a Child with Severe Gastroparesis and Review of the Literature Proceedings of Singapore Healthcare  Volume 21  Number 3  2012 laparoscopically or at laparotomy 8, 9 . The pair of electrodes were sutured to the muscular layer of the greater curvature of the stomach and connected to a pulse generator implanted in a subcutaneous pocket in the abdominal wall ( fig. 1 ). The pulse generator can be activated and programmed by an external physician-controlled device for adjustment of stimulation strength and frequency.
A landmark study for gastric electrical stimulation was the WAVESS study by Abell et al 10 . It was a multinational double-blind crossover study of 33 patients with gastroparesis who had the gastric neurostimulator implanted. Both patients and clinicians were blinded to whether the device was switched on or off. The device was turned on for one month, off for one month and was followedup for 12 months. Results from the study showed significant reductions in the frequency of nausea and vomiting for the ON versus OFF period, as well as sustained effects at 6 and 12 months for both the diabetic and idiopathic patients groups. A more recent study by Linz et al showed a nonresponder rate with a three year follow-up of 87 patients: idiopathic gastroparesis (35%), diabetic (21%), post-surgical (16%) 11 .
Other trials have shown that GES in gastroparesis patients had led to a reduction in medication use and hospitalisation 12 , reduce need for supplemental feeds 13 and improvement in HbA1c in diabetic patients 14 . Those factors associated with a favourable response include diabetic gastroparesis, a main symptom of nausea and vomiting, and not using narcotics 15 .
There is currently only limited data on the use of gastric electrical stimulation in children. Islam et al 16 reported a series of nine children aged between 8-17 years who had symptoms of intractable nausea, vomiting, weight loss, abdominal pain and bloating which had significantly impacted on their quality of life, resulting in multiple hospital admissions and withdrawal from school. The causes of gastroparesis include idiopathic (n=5), postinfectious (n=3) and post-surgical (n=1). Following gastric electrical stimulator implantation, seven out of nine children had significant improvement in symptoms of nausea and vomiting despite no significant improvement in the gastric emptying times 16 . Follow-up between 8-42 months showed sustained improvement in symptoms. To date, the youngest group of patients who have had gastric electrical stimulation was between two and three years old reported by Elfvin et al 17 . They described a case-series of three children with severe chronic vomiting who were refractory to medical therapy. These patients underwent implantation of the GES device. All three patients had more than 50% reduction in the frequency of vomiting sustained over a follow-up period of six months 17 .
Despite the small numbers of reports of GES in children, the results look promising in a select group of patients with severe gastroparesis. These children had a poor quality of life with intractable nausea and vomiting which were refractory to medical treatment. Following GES, there was a significant reduction in episodes of vomiting, nausea and pain as well as episodes of hospitalisation 16, 17 . The effects were sustainable over a follow-up period ranging from 6-42 months 16, 17 .
The mechanism of how GES worked is not wellunderstood. It is based on the following theories: (1) Delivering constant high frequency current to modulate gastric biomechanical properties and enhanced relaxation of the fundus of the stomach, thus providing better accommodation and decreased sensitivity to distension of the Proceedings of Singapore Healthcare  Volume 21  Number 3  2012 stomach 18 ; (2) Activation of the cerebral mechanism for nausea and vomiting control related to afferent nerves is being stimulated by the constant high frequency current in the stomach 19 . There is a general agreement that symptom relief is not correlated with any effect on gastric emptying. It may be related to a different mechanism such as stimulation of the vagal nerve with suppression of the vomiting centre in the brain, although clinical response to GES has been demonstrated in postvagotomy patients with gastroparesis 20 .
Complications of the Enterra system include an infection rate of 4-10%. Wire breakage, electrode dislodgement, device failure, penetration of stomach wall, intestinal obstruction and persistent pain at neurostimulator site are also recognised complications 13, 21, 22 .
In conclusion, despite its limitations, GES remains a helpful intervention in some patients with severe gastroparesis who fail to respond to medical therapy. Our patient's intractable vomiting resistant to medical and surgical interventions responded successfully to GES. The effects of this intervention were sustainable and had greatly improved her quality of life.
